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in one embodiment, the immune effector ceils are T ceils. In a separate 
embodiment, the immune effector cells can be genetically modified by 
transduction with a traasgene coding for example, IL-2. II. - 1 5 or 1L-13. Methods 
for introducing transgencs in vitro, ex vivo and in vivo are well known in the art. 
5 See Sambrook et ai.fi 989) supra. 

An effecior cell papulation suitable for use in the methods of the present 
invention can be autologous or allogeneic, preferably autologous. When effector 
ceils arc allogeneic, preferably the cells are depicted of alloreactive cells before 
use. This can be accomplished by any known means, including, for example, by 
1 Q mixing the allogeneic effector celts and a recipient ceil population and incubating 

them for a suitable time, then depleting CD6 C >' cells, or inactivating alloreactive 
ceils, or inducing anergy in the alloreactive cell population. 

Hybrid immune effector ceils can also be used. Immune effector cell 
hybrids are known in the ait and have been described in various publications. 
1 5 See, for example. International Patent Application Nos.. WO 98/46785 and WO 

95/36775. 

The effector ceil population can comprise unseparaied cells, i.e.. a mixed 
population, for example, a PBMC population, whole blood, and the like. The 
effector cell population can be manipulated by positive selection based on 
20 expression of ceil surface markers, negative selection based on expression of ceil 

surface markers, stimulation with one or more antigens in vitro or in vivo, 
treatment with one or more biological modifiers in vitro or in vivo, subtract! ve 
stimulation with one or more antigens or biological modi tiers, or a combination of 
any or all of these. 

25 Effector cells can obtained from a variety of sources, including but not 

limited to, PBMC, whole blood or fractions thereof containing mixed populations, 
spleen cells, bone marrow ceils, tumor infiltrating lymphocytes, cells obtained by 
icukopharesis. biopsy tissue, lymph nodes, e.g., lymph nodes draining from a 
tumor. Suitable donors include an immunized donor, a non -immunized (naive) 

30 donor, treated or untreated donors. A "treated" donor is one that has been 
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exposed to one or more biological modifiers. An "untreated" donor has not been 
exposed to one or inure biological modifiers. 

Methods of extracting and culturing effector cells are well known. For 
example, effector cells can be obtained by leukopharesis, mechanical apheresis 
5 using a continuous How cell separator. For example, lymphocytes and monocytes 

can be isolated from the huffy coat by am known method, including, but not 
limited to. separation over Heoil-fiypaque™ gradient, separation over a Percoli 
gradient, or ckuriation. The concentration of Ficoli-Hypaque™ can be adjusted to 
obtain the desired population, for example, a population enriched in T cells. 

10 Other methods based on affinity are known and can be used. These include, for 

example, tt uoresecoce-acti vaied ceil sorting <f- ACS), ceil adhesion, magnetic 
bead separation, and the like. Affinity-based methods may utilize antibodies, or 
portions thereot. which are specific for cell-surface markers and which are 
available from a variety of commercial sources, including, the American Type 

.15 Culture Collection ('Manassas;, VA). Affinity-based methods; can alternatively 

utilize ligands or ligand analogs, of cell surface receptors. 

'The effector cell population can be subjected to one or more separation 
protocols based on the expression of cell surface markers. For example, the cells 
can be subjected to positive selection on the basis of expression of one or more 

20 cell surface polypeptides, including, but not limited to, ''cluster of differentiation'"' 

cell surface markers such as CD2, CD 3, CD4. CDS. ICR. CD45. CEW5RO, 
CD45RA, CD! 1 b. CD26, CD27, CD28. CD29, CD30, CD3 1, CD40L: other 
markers associated with lymphocyte activation, such as the lymphocyte activation 
gene 3 product {LAG3j, signaling lymphocyte activation molecule t SLAM), 

25 TJ/ST2; chemokine receptors such as CCR3 . CCR-i . CXC R3, CCR5: homing 

receptors such as CD62L, CD44, CLA, CD 146. <sA\\l. aE\M\ activation markers 
such as CD25, CD69 and OX40; and lipoglycans peseuted by CD1. The effector 
ceil population can be. subjected to negative selection for depletion of non-T cells 
and/or particular 7 cell subsets. Negative selection can be performed on the basis 

30 of cell surface expression of a variety of molecules, including, but not limited to. 
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B cell markers such as CD 10. ana CD20: monocyte marker CD 14; the NK cell 
marker CD56. 

An effector cell population can be manipulated by exposure, m vivo or in 
vitro, to one or more biological modifiers. Suitable biological modifiers include, 

5 but art- not limited to. cytokines such as 11. -2, 1L-4. II.- 1 0, TNF-a. iL-12, IPN-y: 

non-specific modifiers such as phytohemagglutinin (PHAj, phorboi esters such as 
phorboi myristase acetate (PMA). concanavaiin-A, and mitomycin: antibodies 
specific tor cell surface markers, such as anti-CD2, antt-CD3. anti-IL2 receptor, 
ami-CD?.?!; chemokines, including, for example, iymphotaciin. The biological 

0 modifiers can be native factors obtained from natural sources, factors produced by 

recombinant DNA technology, chemically synthesized polypeptides or other 
molecules, or any derivative having the functional activity of the native factor. If 
more than one biological modifier is used, the exposure can be simultaneous or 
sequential. 

5 The present invention provides compositions comprising immune effector 

cells, which may be T cells, enriched in antigen-specific cells, specific for a 
peptide of the invention. By "enriched"' is meant that a ceil population is at least 
about 50-fold, more preferably at least about 500-fold, and even more preferably 
at least about 5000-fold or more, enriched from an original naive cell population. 

0 The proportion of the enriched cell population which comprises antigen-specific 

ceils can vary substantially, from less than 10% up to 100% antigen-specific cells. 
If the ceil population comprises at least 50%, preferably at least 70 V more 
preferably at least 80%, and even more preferably at least 90%, antigen-specific 
immune effector cells, specific for a peptide of the invention, then the population 

5 is said to be "substantially pure". The percentage which are antigen-specific can 

readily be determined, for example, by a T 1-thymidine uptake assay or cytokine 
release assay in which the effector cell population (for example, a T-cell 
population) is challenged by an antigen-presenting matrix presenting an antigenic 
peptide of the invention. 
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Assaying Antigen-Specificity 

An in vitro system will he needed to test or confirm w hich version of the 
modified or heterologous tumor antigen is most likely to be immunogenic in 
humans or the test subject, in this system, DCs will be usee! to present antigen to 
S autologous peripheral blood lymphocytes The DCs can be pulsed or transduced. 

Various culture conditions have been described that will support the generation of 
effector celis m cultures of DCs and lymphocyte*. After several rounds of 
stimulation, the effector cells generated are. tested for their ability to recognize 
native, tumor antigen. Fewer rounds of stimulation may be required for antigens 

10 with high immunogenic potential. Both T helper (CD4') and cytolytic effector 

ceils {CDK") can be elicited. The development of TAA-speeific cells can be 
measured by several methods including proliferation or cytokine production (e.g. 
TNF-u. inter feron-y) upon exposure to TAA or lysis of TAA-expressing target 
ceils as assessed by reiease of various intracellular labels/markers such as 

i 5 : ' 1 Chromium or lactose dehydrogenase (LDH). The antigen that induces the 

strongest response fin particular cytolytic activity) against the native human 
antigen would then be selected for immunization purposes. 

hi addition to previously identified and characterized antigens and 
epitopes, the methods of this invention also can use newly identified antigens 

20 which can be identified as exemplified below. 

Production of Epitope or Antigen 

Most preferably, heterologous/altered antigens and peptides of the present 
invention can be synthesized using an appropriate solid state synthetic procedure. 
25 Steward and Young, Solid Phase Peptide Synthesis, Freeinamie, San Francisco, 

Calif. (196S). A preferred method is the Merrifield process. Merrifteld, Recent 
Progress in Hormone Res. 23:451 (1967). The antigenic activity of these peptides 
may conveniently be tested using, for example, the assays as described herein. 

Once an isolated peptide of the invention is obtained, it may be purified by 
30 standard methods including chromatography {e.g.. ion exchange, affinity, and 

sizing column chromatography), centrifugafton. differential solubility, or by any 
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other standard technique for protein purification. For immunoaffinity 
chromatography, an epitope may be isolated by binding it to an affinity column 
comprising antibodies that were raised against that peptide, or a related peptide of 
the invention, and were affixed to a stationary support. 
5 Alternatively, affinity tags such as hexa-His (Invitrogen). Maltose binding 

domain (New England Riolabs), influenza coat sequence (Kolodxiej et al. (199!) 
Methods Lnzvmol. 194:508). and efutathione-S-transferase can be attached to the 
peptides of the invention to allow easy purification by passage over an appropriate 
affinity column. Isolated peptides can also be physically characterised using such 

1 0 techniques as proteoly sis. nuclear magnetic resonance, and x-ray crystallography . 

Also included within the scope of the invention are antigenic peptides that 
are differentially modified during or after translation, e.g.. by phosphorylation., 
giycosviation. cross.linki.ng. acylation, proteolytic cleavage, linkage to an antibody 
molecule, membrane molecule or other ligand. (Ferguson et al. (1988) Ann. Rev, 

IS Biochem. 57:285). 

Another aspect of the invention encompasses isolated nucleic acid 
sequences thai encode the novel antigenic peptides described herein. With regard 
to nucleic acid sequences of the present invention, "isolated" means: an RNA or 
DMA polymer, portion of genomic nucleic acid, cDNA. or synthetic nucleic acid 

20 which, by virtue of its origin or manipulation: (i) is not associated with all of a 

nucleic acid with which it is associated in nature (e.g. is present in a host cell as a 
portion of an expression vector); or (ii) is linked to a nucleic acid or other 
chemical moiety other than that to which it is linked in nature; or (iii) does not 
occur in nature. By "isolated" it is further meant a nucleic acid sequence: (i) 

25 amplified in vitro by. for example, polymerase chain reaction (PCR); (iit 

synthesized by. for example, chemical synthesis; (iii) recorobmantiy produced by 
cloning; or iiv) purified, as by cleavage and gel separation. 

The nucleic acid sequences of the present invention may be characterized, 
isolated, synthesized and purified using no more than ordinary skill Sec 

30 Sambrook et al. (1989) supra 
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Compositions 

This invention also provide? compositions containing any of the above- 
mentioned proteins, mutems. polypeptides, nucleic acid molecules, vectors, cells 
antibodies and fragments thereof, find an acceptable solid or liquid carrier. When 
5 the compositions are used pharmaceutically, they are combined with a 

"pharmaceutically acceptable carrier" for diagnostic and Therapeutic use. These 
compositions also can be used fur the preparation of medicaments for the 
diagnosis and treatment of diseases such as cancer. 

10 Tumor Protection in Animal Models 

The murine Bi6 melanoma model was used. In this model. C57BI./6 mice 
were immunized with bone marrow-derived DCs? transduced with an Ad vector 
encoding either human gpl 00 ( Ad/hugpl 00.) or mouse gpl 00 (Ad/mgplOO). .Mice 
immunized against heterologous human gpl 00 developed a protective immune 

1 5 response and were resistant to a lethal subcutaneous challenge of B 1 6 melanoma 

cells f syngeneic tumor ceil line that expresses gplOO). In contrast, mice 
immunized with homologous mouse gpl 00 failed to mount a protective immune 
response against Bl 6 melanoma cells and developed tumors at the site of B36 cell 
injection. This finding illustrates the difficulty in breaking tolerance against a sell' 

20 antigen (mouse gplOO). The corresponding heterologous antigen from a different 

species (human gpl 00), however, is likely to contain several Class 1 and Class 11- 
associated epitopes that will be recognized as foreign and elicit CDS" and CAW T 
cell responses, respectively. The induction of cross-reactive CTLs that recognize 
both the heterologous and homologous self-antigen can then lead to lysis of host 

25 tumor cells. 

Unfortunately, this type of animal model cannot be used to test the. 
efficacy of modified or heterologous tumor antigens being considered for use in 
humans since mice and humans recognize different epitopes, primarily as a result 
of differences in their Mi 1C molecules, it may be possible, however, to use the 

30 allogeneic human peripheral blood lymphocyte - severe combined 

immunodeficiency mouse {t-h^PBL-SCID) model. SC1D mice lack mature 8 and 
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r hmpLuCU. iii.i van bt, reconstituted w.th bunar Pill ■ It nw\ k pu^sihk in 
n ltruniA* ^uch iriee with test antigen tc induce < -tspon>c in idoptiveh 
LansterrU human FBI & and cwhaate protection .ij.nns, dialienae v\ uh ,1 mmun 
tjnuii evil hi c ( Vif-sier t,l al (19S1) Vtnit 335 2^o. Parnu, tt ui (1W> Human 
5 dene lhu.ips 8 ]07>, and AtKcit ci al {1997) i Immunol 5*> 13^3 > 

Another n >sstbjf't\ ^ imimuii/auoa t f HL A- \2 1 irimgen.t nvce tu 
r^piodtut the uimune teattn its of HL \- A2 mdis jdiu,s t\\ entwoith at al ( iWM 
1 ur ! lmn,bi,o* 26 9~> 

10 \ ettors I seftil in Generic Modifications 

hi genet (. modification 1 ot celh empt \.d tn the present 

munition aiv. accomplished b> introducing a \i cti u coruau. ig a po vpeptioX or 
irarsgene t.icoumc' i heterologous o an altered antmen V va sets oi ditleren H 
gene f answer > .uotb, hk udmg \iral a^ well i on-\ n J[ astern; can be used 
*5 Vt.ai waoi , ustfu m the ger.ejc modification:: of this mention meiuue but arc 

not 1) nited .o ader.ourus adeno-as^ociatcd virus vectors retioural \ac\n - and 
tdeno-rel owuil emroenc xcaoi:, AFC and immune effector cc Is, can bt 
modi, led t.^mg the inetl ods deKubed below ot b\ an" otner appropriate method 
known in the art. 

20 

t (instruction oi Recombinant Adenoviral "Vectors or \deno~A\sociatcd Virus 
Vectors 

Adcno\nu-> and adeno associated virus ecu >it, uscb.l in the genetic 
modifications oi this imeimon ma\ be produced according to methods aireadv 

25 taught in the ait (see. c ? Kailssoncta ( 1<>S6» F M 5 2^7. Carta { 1992 i 

Current Opman m Biotechnology 3 5 ^. Mu/c>zka ( L urrent Top 
Microbiol Immunol 158 97: and GFNL lARGfTINu APfcVHfAi APPROACH 
<1992/ed A 1 Tojner, Oxford I'm stmtv Press M \ Se\eui different 
appioac hes (.re feasible Prelerred is the belpei -independent replication deficit m 

30 human ^dero\ in>s ^ stein 
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The recombinant adenoviral vectors based on ihe human adenovirus 5 
< Virology 163:014. 1988'! are missing essentia) early genes from the adenoviral 
genome (usually h i A/E 1 B }. and are therefore unable 10 replicate unless grown in 
permissive ceil lines that provide the missing gene products in o-uns. In place of" 
5 the missing adenoviral genomic sequences, a transgene of interest can be cloned 

and expressed in cells infected with the replication deficient adenovirus. 
Although adenovirus-based gene transfer does not result in integration of the 
transgenc into the host genome Uess than 0.1% adenovirus-mediated transections 
result in transgene incorporation into host DNA). and therefore is not stable. 

30 adenoviral vectors can be propagated in high titer and transfeei non-replicating 

ceils. Human 293 cells, which arc human embryonic kidney ceils transformed 
with adenovirus El A/El B genes, typify useful permissive ceil lines. However, 
other cell lines which allow replication-deficient adenoviral vectors to propagate 
therein can be used, including McLa cells. 

15 Additional references describing adenovirus vectors and other viral vectors 

which could be used in the methods of the present invention include the 
following. Horwijz. M.S., Adenoviridae and Their Replication, in Fields. B., et al. 
(eds.) VIROLOGY. Vol. 2, Raven Press New York, pp. 1679-1 721, 1990); Graham F. 
et al., pp. 109-128 in METHODS )N MOLECULAR BIOLOGY. Vol. 7: GENE TRANSFER 

20 AND EXPRESSION PROTOCOLS. Murray E. <ed.) Humana Press. Chiton, N.J. (1991 >; 

Miller N, et al. (1995) FASEB Journal 9:190; Schroicr U (1994) Pharmaccutica Acta 
HeSvetiae 68:145; Schneider and French ( 1 993) Circulation 88:1937: Curiel D.T. 
et al. (1 992) Human Gene Therapy 3:147; Graham FX. et al., WO 95/00655; Falck- 
Pedersen WO 95/56772; Denefle P. et al. WO 95/23867; Haddada K. et al. WO 

25 94/2691 4; Perricaudet M. et al. WO 95/02697; and Zhang W. et al. WO 95/2507 1 . 

A variety of adenovirus plasmids are also available from commercial sources, 
including, e.g.. Microbix Biosystcms of Toronto, Ontario (see, e g.. Mictobix 
Product Information Sheet: Plasmids for Adenovirus Vector Construction, 1996) 
See also, the papers by Vile et ai. (1997) Nature Biotechnology 15:840: and Feng 

30 et al. { 1 997) Nature Biotechnology. 15.866. describing the construction and use of 

adeno-retroviral chimeric vectors that can be employed for genetic modifications. 
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VMiTionJ iLtcreni.cs desu'bing A \\ ^tcctu « ^ Inch umLi he u<-ed in the 
method of tit piesent imemum aiclude tne to kuv n„ Xoti < R <ls>M4>Htm™ 
Ueae ihrum 5 7" : f fotu i R a al tWS^Kieu. Fhn i - 2 "b", Miui I M 
\\ O «*> i/ l >4 rr.L Du a J 1 1 9%) < k ne 1 !ictai<\ 3 2*- 
is \K . can be transduce J with ut d \v.Uois t txo ing a relevant antigen 

I ho mo i t common \i il ^Uors include te^umomani no* \ .ruses suJ, as \ a^uma 
and low po\ milis (B.ontt U al 1 >N 94 ^18* .r.d Kart et al {199" 7 ) j 

imirmnolrv 20 "^tn and pref Kiitulb, adetunnu ( Atthar ot al ( WV 7 ) ? 
Immunol I^IW V\anctai Humu j ( »er. iherip\8nSS u nJ Huaig 

Hi etui {199^)1 \ uol 6*) ' '^""i Rmu\nus a.so mas ix. used tor tiarsductiort oi 

human \P(\ i\hiin U al ^99o) I Yiroi 29S7> 

/•) 1 ifn < x ! - > e\nosuie oi mi nan DCs to adenowtu t \di \euei a< a 
mnltipijcn ot junction fMOb ot S00 tor lo-2* limn- m a irimmai wlunu of 
smim-fite medium tenahh gnesrist to transtie leopt^won 10< °oof 

15 IX - 1 tie cfikier, v ol uaiiM-luuion of DO or oxher \P< s tan v assessed hs 

immunnfluoitr^Ltiice usum fluorescent a inhudies speafi,: for the turror antigen 
being e<presv.u (Kim ei al ( J 99~\ / Iwthwotm / 20 276) Altema'ntK, the 
anuhodi^ c in he umjugated to an en/ 1 , roe to g HRP f smug me to a voituvd 
pioduu upon reaction v. itb the ^uhstiatt I he aau? amount ot antiLen heuu 

20 e\pjts ed b\ the A PC i can r>e evaluated b\ I LIS \ 

i lansdutud AY< t> ca i subsequtmlv ht, au mnntcRd to the host \ ta ai 
n.lravcnoas. subcutaneous, intranaiil. mTamu'Culai or intraperitoneal route o< 
delivery. 

Jti\tvo transductionof D( s or other APCs on be uuonpl^hed b\ 
25 admrnisttation ot \d (or othct vital \ ectorsj \ ta different routes mchkimj; 

mtra\enoui. mttanureular. intranasal ntrapentonea oi cutaneous delnvr lie 
preienco method i » cutaneous deii\en ot Ad \caor at multiple si + es usm^ a total 
aos t U apptoxtmatth l\j«i ttJ -l\ H) ! ' i u L e\eK ot in mo nansduction can be 
roughi\ assessed b\ t,o-stam ng \Mtn antibodits ducted <t^amst APc mukei^O 
30 and the antigen being evpicsscd '{ Ik staining pux tduie can be earned out on 

biopsv samples irom the s-ite of admimsttation oi on cells ir< f m dratnrit' 3>mph 
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noue- ot other o g?ns wiu. AW s t in pamuil it i >Cs) m i\ } a\e toi^raieJ 
<( ondon ctal 1 \aiim. Med 2 1P"» W metal . N^ilhiina't Gent 
I tiora a 8 1~>^) The amount ot anheen tviog e\p ess L d a. the Mtt i 5 n jeersci 
in m othc r o* «ans whu. ttansducx J ARC- tna\ m\e migrated can be cAaiuateJ h 
5 { I 'S \ (i i u>->ik. ho uo^en.iks 

\rhou^h \itaf jeue dt h\u «. is more titiluen* IX s i in also it ttansduced 
/'t i < \ \ h\ non-vnal gene deiuen- n cthi a\ sudi <a, eieUropo ration 
i ak utni ph. .sprite oreupivuion >i eati «n.c iipid pi iMiud D\ \ comp e\cs ( \uhir 
ot ! ( j ,lf *7> C .nun oonc fberup" 4 I"} iratisdij<.ej \pt" $ can subseq. tenth no 

10 f«i mnsteicJ to the hos wa an tntra\C! on , suticutmuous. tntrara-,ai 

\ t'tajp im u a' or mtiapemoneal toute ot udnus 

m 1 n<» ir JueUni ol Dt. or oihet \FC - i m potuua i\ be 
acsomphwed b\ adinmisttatton of can m,<. lipid piasnnd DN X so npiov^ 
Je,i\ei.d \ a the mtrawnous mtramu^ulai mtrana^L mttapeut. rual or 

15 uitaneuuMOiue ol adm nidation (rcno gun ddnen or nectien ot staged 

nlasmid D\ \ into the skin also kads to inmsduetkM] *t IX s jt o-ivtor. ot il 
MWm Natute Med 2 1 122. and Ra/ ot al (N9*> I V\$ 91 os-o, hurnmusu iar 
deinm ot nlasrmd D\ a mav also be u-vd tot irrnvtmvaho'-i (Ros<m> <, a) <J W 7> 
Human uene J herapv 8: 3 45 1 . 

20 Ihe transduction eifk\«nc\ a .d e\ Js ot tron&iiene evpicssion ^an lx 

assessed as described herein. 

Administration Methods 

Dendritic ceils domed from pcnphciai blood ot a subject such a<- a human 

25 patent are transduced with adenovirus \ecioj encoding tie tumor artieen using a 

multiplicity of infection of 200-500 Apptoxtmately 74 tVms af t-i mice item, the 
transected dendritic cells (10 \1 0 ceils) arc admimstc;ed to the patient iv m 
subcutaneous!) 1 he ntocess is tcpeafeu W weeLs later v\ ith up to 6 
adnimisirations t f dondntiL teil<- Stncc n is possibit- io frce/u dcrdn'ie cell.* «nd 

3D admtmster thawed celts, the sublet docs rn >t ^iave to be leukopharesed oach time 
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The agents identified herein as effective for their intended purpose can be 
administered to subject* having tumors or to individuals susceptible to or at risk 
of developing a tumor by inducing an immune response against the tumor. When 
the agent is administered to a subject such as a mouse, a rat or a human patient, 
the agent can be added to a pharmaceutical]}' acceptable carrier and syszemically 
or topically administered to the subject. To determine patients that can be 
beneficially treated, a tumor regression can be assayed. Therapeutic amounts can 
be empirically determined and will vary with the pathology being treated, the 
subject being treated ana the efficacy and toxicity of the therapy. 

Administration m vivo can be effected in one dose, continuously or 
intermittently throughout the course of treatment. Methods of determining the 
most effective means and dosage of administration are well known to those of 
skill in the art and will vary with the composition used for therapy, the purpose of 
the therapy, the target cell being, treated, and the subject being treated. Single or 
multiple administrations can be carried out with the dose level and pattern being 
selected by the treating physician. Suitable dosage formulations and methods of 
administering the agents can be found below. 

The agents and compositions of the present invention can be used in the 
manufacture of medicaments and for the treatment of humans and other animals 
by administration in accordance with conventional procedures, such as an active 
ingredient in pharmaceutical compositions. 

More particularly, an agent of the present invention also referred to herein 
as the active ingredient, may be administered for therapy by any suitable route 
including nasal, topical (including transdermal, aerosol, buccal and sublingual), 
parental (including subcutaneous, intramuscular, intravenous and intradermal) and 
pulmonary, h will also be appreciated that the preferred route will vary with the 
condition and age of the recipient, and the disease being treated. 

Adoptive Immunotherapy and Vaccines 

'lhe expanded populations of antigen-specific immune effector cells of the 
present invention also find use in adoptive immunotherapv regimes and as 
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WLOine- i iu< tumors e\nres, tne anhjxm *. ,r b> cadjcatao umq;> m. 
method ^ and vomno-ittons J.^nbtd huem 

Aao^tiw immunothcu p\ muh )ds irvo ^ r hi otiv aspec admar^tanug to 
a >bhjc\.T * subvai,tui!h pure population ot educated antigen-specific imnune 
5 cikcioi Cwli> mice h\ iiiluirmg nanc immune eilcUoi ^clK with APc s s\ 

doo.xd ah>\e ftetct tk AiX\ aii. ce mi-uk. ceils in one e> ibod men. 
t ic adop iv*. mmunotheraps method- dt -^imed ncrem a., autok^our In thi- 
ease the \ PCs me made usim: ct K isolated troi i a stnale uihjcci I ha expaiticd 
poputa in i ds i unplugs I ce'ls isolated in m Uat subject HnaiH thu. .xpauo^d 
10 porn! itioa il mtia.eii--.peL slit, cells i^ adimnjsrcrec* to th„ same patient 

i i a hut' in i mhodnikar APCs or mimuue elfeuor ee'K < te adrnmsk-ted 
vwii a- _tt,x r amount o a sumuia.on cUokmc. men as U ? i r a to- 
stimulatory molecule. 

I .il Mlou my example* art. intended to iHuitian. bat not limit tbc 
1 5 invention. 

hxpenrnen tai Eixamples 
/immals and ceil line s 

T unaV CS7BI o rai^c weie pu chased frmr I at mm (Gcrmantown N ^ > 

20 and wetc used at 8-12 weeks of ajw m m>ene c 10-trars'oimu] fibroblast 

iSVBnklR) ha\ e been described elsewhere f( ioodiny I R 1 19^9) j Immunol 
122: 1 0 P ) hna were a citt from Dr I mda Ooodmg (1 mor\ I raver; t\ Atlanta 
GAi Ibe Bl6 no melanoma cei. hue syngeneic to C57BL 6 mice was obtained 
fiom tat National Cancel Institute (Bctuida. Mln I or jnjtUioi, B1M 10 cci <■ 

25 < 1 s-2\J () J cells f were resuspendtd m phospha.t -buttered saline tPRS i and 

delivered to tht abdomen subcutaneous i.s c } in t 100 ui \olu-ne Tnn.ot st/e 
was measured with electronic digital caliper time 1 pe week staituu; a <n nc d w 
h> 1 umois mn^ : in m e were sv-uicd as po^itt\ *- 
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Adeno vira l vectors 

All recombinant adenovirus (Ad) vectors used were derived front Ad 
serotype 2 from which the El region was deleted and replaced wish an expression 
5 cassette containing a cytomegalovirus <CMV ) promoter driving expression of the 

transgene. The vector encoding [i-Gaiacrosidase (Ad2/pGai-4i and human gpIOO 
i' Ad2:'hugp100vl) contained intact E3 and F4 regions (Armentano D. ( 1W) J. 
Virol. 71:2408 and Zhai Y. (1996) J. Immunol. 156:700!. The vector encoding 
mu- ;ne gpIOO (Ad2/mgpl00) or vector lacking atransgene (Ad2A-mpty vector), 

10 possessed an intact I\3 region with an E4 region modified by removal of alt open 

reading frames and replacement with the E4 open reading frame 6 and protein IX 
moved from its original location { Armermmo D. (1985) Human Gene Therapy 
6:1 343 i. finally, the Ad vector encoding murine lyrosinase-related protein 2 
(Ad2/roTRP-2) contained an intact E4 region but was deleted for E3. The E2 

15 region was left intact in all vectors. 

Adenoviral panicles were giadient- purified as previously described 
(Armentano D. (1985) Human Gene Therapy 6:1343) and Titers were determined 
by end-point dilution on 293 cells using fluorescent isothioeyanate (FITCV 
conjugated anti-hexon antibody (Rich D.P. (1993) Human Gene Therapy 4:461). 

20 

Preparation of bom marroy^ 

Dendritic cells (DCs) were prepared from bone marrow essentially as 
described by Inaba et al. (Inaba K. (1992) J. Exp. Med. 176:1693). Briefly, bone 
marrow was flushed from the tibias and femurs of C57BL/6 mice and depleted of 

25 erythrocyte with commercial lysis buffer (Sigma, St. Louis, MOV Bone marrow 

cells were then treated with a cocktail of antibodies (Pharmingen. San Diego, CA) 
directed against CDS (clone 53 -6.7), CD4 {clone OKI .5). CD45R/B220 (clone 
RA3-6B2*. Ly-6G/GM (clone RB6-SC5) and la (clone KH74) followed by rabbit 
complement (Accurate Chemical and Scientific Corporation. Westbury. N.Y.i to 

30 deplete lymphocytes, granulocytes and ia* ceils. The remaining ceils were 

cultured for 6 days in 6-well plates in RPM1-1640 medium (Giheo, Grand Island, 
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NY) supplemented with 100 U/mi penicillin. 100 ug/ml streptomycin, 2 niM 
gkuamine. 10% fetal calf scrum (PCS) and 100 ng/rni recombinant mouse GM- 
CSF (Genzymc. Cambridge, MA.). Loosely adherent DCs were then collected, 
replated in 100 mm dishes and cultured in the same medium for another 24 hours 
5 after removal of contaminating non-adherent cells. This final DC population was 

then collected tor i ACS analysis and transduction with Ad vector. 

For analysis of surface markers, DCs were first incubated with unlabeled 
antibodies (Pharmmoen) specific for the major histocompatibility complex 
(MHO Class 3 (clone AF6-88.5) and Class II (clone AF6-120.1 ) molecules, the 

1 0 co-stimulatory molecules B7. i (CD80: clone 1G 1 0.) and B7.2 (CDS6; clone GL- 

1), the adhesion molecule I CAM*] (CD54; clone 3E2), the integsin CD 1 1 e 
(clone 3E2't and the myeloid surface marker CD1 3 (clone R3-242). The cells 
were then coumersiamed with FiTC -conjugated antibodies specific for the 
primary antibody. FACS analysis of the stained cells was performed on an EPICS 

1 5 Profile Analyzer from Coulter. 

'Transduction of DCs with Ad vector was conducted in 6-well plates with 
4x10* DCs- well in a 3 ml volume of RPMM640 medium containing 10% FCS 
and 100 rig/mi GM-CSF. Virus was added to the wells at a multiplicity of 
infection (MOD of 500 and the DCs were collected after 18-24 hours of 

20 incubation. For injection, transduced DCs were washed and resuspended in a 1 00 

uJ volume of PBS and delivered either sx. to the abdomen or intravenously (i.v.) 
into the tail vein as specified in the text. 

Cy totoxic T ceil assay 

25 To evaluate levels of cytotoxic T lymphocyte (CTL) activity, spleen cells 

front mice in the same treatment group (3 mice/group) were pooled and stimulated 
in vitro with syngeneic SVB6KHA fibroblasts transduced with Ad2 vector at an 
MOI of 100 for 24 hours. Ceils were cultured in 24-wel! plates containing 5x1 0 6 
spleen cells and 0.8-1.5x10 ' stimulator fibroblasts per well in a 2 ml volume. 

30 Cytolytic activity was assayed after 6 days of incubation. Target cells consisted 

of B16 melanoma cells and fibroblasts untransduced or transduced with virus at 
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Experimental Results 

iriua t tuj z af_<>poft>(>t~ >t!tf<n\ at* aid <kmh iiu l ,/A a n l tiiin\'hiWor fn 
uitenovirus vectors 

5 Deadline . Jl , JX ->) itemed ftom mouse bone rnarr.iu exhibited tic 

uiied Jtiidire rnojpnotojs npical oi DC s and disp ntd <i thdiaaerMx set of 
DC ut.late nur^eis a "o^.cj M {l^Ketl iminuiu. 1 18: K>S} is determined 
b\ I AC s an it\ sis ( ahk 2 s ( he cells e\ pressed mgh k \ el > ot the maiot 
hi* ocompal biht\ {MHC ) Class I and Ciast 11 mekvuLs t/ie to somtihton 
10 molec tie- Ft" 1 aru B7 2 the JC AM I adhesion muLvu e the integnn CD1 le and 

ihe CD1 > rmtUml Htttdvt' nuiKer Tntitdi't Jon * 1 IX s wnh ecombirant <\d2 
owed \tc f ir v\a<- j.nu'\LO itptoducibK with an diluent's ->{ W< oi urcatei 
Dansduaton did not aifea the distribution el DC surk ee markei MgmtiCanih 
except tot i itproJuol L inctase in le\cK oi MHC ( iat> 1 nu>Sceuit> ( I able 2} 

15 

la bU 1 T \( ^> aiisKsis of duidiittt celt -ail ate markers 

DC sampt "TP! B7 2 MIR \m< lIT iCDf TdTT 
I I j MM! Ml i 1c j 

_J ntratusductd 80 7 7 41 7U *>t> ! 81 SO 

liansuuted ^ 84 , 8 ' ^ 7 L ) ^4 7 1 "4 

Rc ults shown irt tin. percentage ot bont maiiow-dcirvtd DC s staining posttne 
20 lor each marker. 

DC s n«e untraiKkii. ed oi transduced \srth Ad2'jiOa)-4 

InduUtov oj t umot-tfK^tUi. i.\toto\tt. I t\ mphot \ i° > i ipw>t *n tnnsatueJ 
dendritic ceil s 

25 I he uh!it> ot DCs to induce a ^\toto\K I \ mpluxvte (<"TI ) re.spnnse 

against a melanoma -as^ x.attd atHuzrn (MUi na- e\ aatiud m wi > DC t weK 
tiansduted a th ai V' ectoi encoding human gpUiO ( \J2 hugplOChl) a 
ditteicn'wtton antigen that u expressed rn most mehnom ^ but is also prt?> ni tn 
normal melanocytes and pigmented cells of the retina, Ad2/hugpl00vJ- 
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transduced DCs (5x10'") were administered intravenous!}- (i.v.) to C57BI,<5 mice 
and, 15 days later, spleens were collected for assessment of OIL activity. 
Separate groups of mice were also treated with vehicle as a negative control or 
with the Ad2/hugp1G0v 1 vector itself for comparison. The vector was delivered 
5 under conditions previously determined to he optimal for immunization tj x !(/' 

i.u. intradermally). 

Alter in vitro re-stimulation with syngeneic fibroblasts transduced with 
Ad2/hugpl00vt. effector splenocytes were tested for cytolytic activity against 
"Or-laheled target fibroblasts that were either untransduced or transduced with 

10 Ad2/hugpl OOvl or wild-type (WT) E3-deleted Ad (Ad2A2.9). The CTLs were 

also tested against 816 tumor eel is, a cell line original iy derived from a 
spontaneously arising melanoma in C57BU6 mice which expresses the murine 
equivalent of human gplOO. 

As expected, mice treated with vehicle failed to develop any significant 

15 CTL activity against any of the targets (Figure 2A). Mice immunized with 

lumsdueed DCs developed high levels of CTL activity against target fibroblasts 
infected with the Ad2/hugpl(XM vector. Interestingly, the buik of the CTL 
response appeared to be directed against the hugptOO transgene product rather 
than adenoviral protem(s) since there was very little lysis of fibroblasts infected 

20 with WT Ad (Figure 2B). 

Mice immunized Id. with the Ad2/hugplO0vl vector itself, developed 
robust hut comparatively lower levels of CTL activity against Ad2/hugp I OOv I - 
transduced fibroblasts. Furthermore, in contrast to the response obtained with 
transduced DCs, a significant proportion of the C TL response appeared to be 

25 specific tor Ad antigen as indicated by the greater level of lysis of fibroblasts 

infected with WT Ad (Figure 2C). importantly, CTLs from mice immunized with 
transduced DCs and, to a lesser extent, with Ad vector, were both able to iyse BI6 
tumor cells indicating that the CTLs raised against human gpHH) also recognized 
the endogenous mouse gplOO expressed by the tumor cells (figures 2B and 2C) 

30 
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ImmumzaiioTi h 'th Id 1 cca >> - 'j ran^lih e o ' '< '\ IpJuc^ Auh-himot- Protection 

Oruups of 5 Cr"Bl o msec were immunized ri2.3jn.st me gniOO melanoma 
antigen with an intravenous injection of ;> \ S0 N bone marrow -domed dendritic 
cells \DCs) mmsfectcd with adenovirus \ ector encoding rooust i-p I f »0 { Adr/mgp 
5 100 DO?) or human gp \ dO (Ad J hugplUO LXM I nmfeeted 'X s set ved as a 

uegatn e contiol I wo weeks alter immunization, the mice wei e challenged with 
a subcutaneous injection ot Z x 10 4 Bit melanoma cells and tumoi growth was 
monitored over time, i he rcsuus which aic shown in hguies 1 A through ID and 
i indicate that immunization of the mjt-t with the heteiologous human gplOO 
10 antigen was more effective than immunization with the homt>.o {f ous mouse gplOO 

antigen m inducing protective mmusnttv against B16 melanoma ceils 

^ f ' < " )s -' > '' > ' f '^ f '' i 'ft hi't>-C' n human w tj murine igi / 00 i " >'i t A'/f^v^ 

FI ISPO'j analysis on spieen veils fiom mice immunized with 
A.d2'hugp10()-tiansduved DCs confirmed die picscnec of splenic T h monocytes 
specific for a dominant C'[ I qntnpc from human gp] 00 {Figure 4) importantly, 
the CTI s. which weie laised .igamst hugplOO, .showed cioss-reacuvitv against the 
corresponding munne gplOO epitope This finding is m agreement with the 
obsuvation of vroswvaetn it\ at the CTI level {Figure 2) and the resistance of 
human gplOO-immumzed rmee to challenge with B16 melanoma ceils positive for 
muiine gplOO v hguies I \ thiough ID and 

As expected, spleen cells from mice immunized with Ad2 migpiOO- 
tiansdueed DCs did not display any significant reaetiutv against a known CTL 
epitope from ovalbumin and <-pieen cells from mice that received DCs transduced 
with Ad2/empty vet tor did not show any significant reaeiiv tt> ...gamst any of the 
peptides (Figure 4). 

It is to be undei stood that while the invention has been described in 
conjunction with the above embodiments, that the ioregmng description and the 
30 following examples are intended to illustrate and not limit the scope .>f the 

invention Foi example, any of the above-noted compositions and/or methods can 

48 
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be combined with known therapies m composition { nher o.spei.ts, ad-v antagc-. 
and modifications within the scone of the invention vsiti be apnatem to those 
.skilled m tht- an to which the mi vent ton pertains 
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1 . A substantially pure population of educated, antigen-specific 
immune effector cells produced by cuJturing naive immune effector cells with 
antigen-presenting cells (APCs) cells which express a heterologous or an altered 
antigen distinct from the corresponding native self-antigen. 

2. The population of claim 1 , wherein the antigen presenting cells 
(APCs) are dendritic cells. 

3. The population of claim 1 , wherein the immune effector ceils are 
cytotoxic T lymphocytes (CTLs). 

4. The population of claim 1 , wherein the APC have been genetically 
modified. 

5. The population of claim 1 , wherein immune effector cells have 
been genetically modified, 

6. The population of claim 4, wherein the antigen-presenting ceils 
comprise an exogenous!}- added polynucleotide encoding the heterologous or 
altered antigen. 

7. A composition comprising the population of claim I and a carrier. 

8. The composition of claim 7, wherein the carrier is a 
pharmaceutical!)- acceptable carrier. 

9. The method of claim I. wherein the self-antigen is selected from 
the group consisting o.t gplOO. MARTI. MUCi. HER-2. CiiA. PSA. prostate 
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membrane specific antigen (PSMA), tyrosinase, tyrosinase related proteins 1 or 2 
(TRP-i and TRP-2), NY-ESO-1 , and GA733. 

1 0. A method of inducing an immune response to a native self-antigen 
5 in a subject, comprising administering to the subject an effective amount of a 

heterologous or altered antigen corresponding to -lie native self-antigen and under 
the conditions that induce an immune response to the native self-antigen, 

3 3 . The method of claim 1 0, further comprising administering an 
10 effective amount of a cytokine to the subject. 

12. The method of claim 10, further comprising administering an 
effective amount of a co-stimulatory molecule to the subject. 

15 13, The method of claim 1 0, wherein more than one heterologous or 

altered antigen that induces an immune response to the native or self-antigen. 

14. The method of claim 10, wherein the native self-antigen is a tumor 
antigen. 

20 

1 5. The method of claim 1 4, wherein the tumor antigen is selected 
irom the gtottp consisting of gpIOO. MAR 1 1, Ml C 1 111 R-2. (1 \ PSA 
prostate ncmbidne specie antigen ( PSM A 1, t> rosin iss. tyrosinase related 
proteins 1 or 2 { I RIM and I RP-2), N Y-hSO-i an 1 ( >A7" 

25 

16 A method of inducing an immune t espouse to a native selKrttiRen 
m a subjtvt, cotrpnsmg adininistenng to the subject an efieune dmoirrr of an 
amigen-prestntmg ceil ev>ies>smg a heterologous or ilttred antigen corresponding 
to the native sell-antigen and uudej conditions that induce an immune response to 
30 the sell-antigen in the sjbiect 



51 



WO 9mW92 



PCT/US99/06039 



1 7. The method of claim 16. further comprising administering an 
effective amount of a cytokine to the subject. 

1 8. The method of claim 1 6. further comprising administering an 
5 effective amount of a co-stimulatory molecule to the subject. 

5 9, The method of claim 1 6. wherein the antigen is a tumor antigen. 

2u The method of cl.vm 1 ( wherem t 1k amigei.-rnesentma cell t& a 
10 dendritic cell. 



21 The mtthoJ of daim 2' , u.ieien the sell-antigen u, selected from 
the jmup u> Kistn- ol %\ 'DO. MAR 11 Ml ft 1. HLR-2, C F,A, PS \. prostate 
merohane -peuik antigen {PSM \j, tuo,itusv. txro^nase related piutemt. 1 o' 2 
15 < i RV \ and 1 RP-^ \ Y-FSO- i . and GATS'* 



22 The method of claim In. funbu compiiMng adminktfcrim; more 
than om- Hieiofogou.s or iltered antjeen that induces ar immune lespome to the 
nati% j e or self-antigen. 

23 . The method of claim 1 6, wherein the antigen-presenting cell is 
genetically modified. 



24. The method of claim 23, wherein the genetically modified cell 
25 expresses a heterologous or altered antigen corresponding to the native self- 

antigen. 



25 . The method of claim 1 6, further comprising genetically modifying 
the APC to express a cytokine. 

30 
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26. The method of claim 16, further comprising genetically modifying 
the APC to express a co-stimulatory molecule. 

27. A method of adoptive immunotherapy, comprising administering 
to a subject an effective amount of a population of educated, antigen-specific 
immune effector cells of claim 1 . 
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£Hj Claims Nos.: 

because diey arc dependent claims and arts not drafted in accordance with the second arid third sentences of tiule 6.4(a). 



ism is tacking (Cohlimiatiou of item 2 of fi 



This International Searching Authority found multiple inventions in this international appht: 



I - [™[] As aft tsqu'ted additional, search Sees were timely paid by (he applicant, this to (em agonal search report covers at! searchable 

2. j | As a!! searchable claims could be searched without effort justifying an additional fee. this Authority did not mvite payment 

of any additional fee. 

3. | { As only some of the required additional search fees were timely paid by the applicant, this uttematkmai search report covers 

only those claims for which fees were paid, specifically claims No*.: 



j | No required additional search fees were timely paid by the applicant Consequently, this international search report i 

restricted to (he invention tirsl mentioned in the claims; it is co\crcu by claims Nos ■ 
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